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(54) Title: ROTARY THERMOCYCLING APPARATUS 
(57) Abstract 

A rotary thermocycling apparatus, espe- 
cially for biochemical reactions. The apparatus 
comprises a plurality of and especially at least 
four stations for receiving biochemical samples 
in a flat-bottomed container. Each station has a 
flat heated plate on which the container is placed 
and means to independently control the heated 
plate at a pre-determined temperature. The ap- 
paratus has means to move each flat-bottomed 
container from one station to another station in 
a pre-determined sequence. At least two of the 
stations have a heating unit adapted to be low- 
ered over a container located on the station, and 
at least one station has a spray unit adapted to 
spray liquid reagent(s) into a container located 
at that one station. A method is also described. 
The apparatus is used in, for example, polymerase 
chain reactions. 
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Par.icu.ar organism within a test samp, e . The deve,opment of the poiymerase 
cha.n reaction (PGR, process for amplifying one or more targeted nuCeic acid 
sequences within a sample has greatly facilitated processes for detecting 
and discriminating specific nucleic acid sequences, and hence specific 
5 organisms. 

PGR methods of detection require multiple or cyclic chemical reactions 
to produce a desired product, under carefully controlled temperature 
cond,tions to ensure accuracy and reproducibility, in order to produce 
sufficient material to enable detection of a microorganism in the sample, or 
nd,cate absence of the microorganism. Apparatus and methods have been 
deve,oped which permit the accurate control of the temperature of reaction 
vessels in which such PGR amplification reactions may be performed For 
example, there are a number of thermocyders used for DNA amplification 
and sequencing in which one or more temperature controlled elements or 
bloc s nold samples the reactjon mjxture> ^ 

the block . varied overtime. In other systems, a robotic arm is used to move 
m-xtures from one b.oc k to another. These systems include features which 
allow the userto program temperatures or temperature profiles of the block 

20 an V l S r leCt T ri0dS ^ t,me S ° ^ Vari ° US Pr0CeSS6S *«■ ° NA — «** 
20 anneahng and extension, can be efficiently accomplished. 

Polymerase chain reaction (PGR) is a technique involving multiple 
cycles that results in the geometric amplification of certain polynudeotide 
sequences each time a cycle is completed. The technique is now we., known 

followed by anneahng at least a pair of primer oligonucleotides to the resultant 
s,ng.e-stranded polynucleotides. After the annealing step, an enzyme with 
Polymerase activity catalyzes synthesis of a new polynucleotide strand that 
."corporate* the primer oligonucleotide and uses the original denatured 

30 2 y T tide " 8 SyntheSiS temP ' ate t0 PradUCe 3 new ^-stranded 
30 po.ynuc.eot.de molecule. This series of steps (denaturation. primer 

anneahng. and primer extension) constitutes a PGR cycle. As cydes are 
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repeated, the amount of newly synthesized polynucleotide increases 
geometrically because the newly synthesized polynucleotides from an earlier 
cycle can serve as templates for synthesis in subsequent cycles. Primer 
o ^nucleotides are typically selected in pairs that can anneal to opposite 
5 strands of a given double-stranded polynucleotide sequence so that the 
reg,on between the two annealing sites is amplified 

PGR c T T ,e T eratUre ° f ^ r6aCti0n miXtUre mUSt be V3ried du ™9 «* 
consequent* varied many times during a test. For exampfe 
denaturation of DNA typical.y takes p.ace at about 90M00«C. annealing a 
10 pnmer to the denatured DNA is typically performed at about 40°-60»C and 
the step of extending the annealed primers with a thermostable 
DNA-polymerase is typically performed at about 70°-75»C. Each of these 
steps may have an optimal temperature. 

15 US 5.038 a 852 P ! eS ^ ^ " diSC '° Sed " * 4 ' 683 ' 2 ° 2 ' US 4 ' 965 ' 188 ^ 
Apparatus in which a temperature gradient is generated across a 
grad,ent block is described in US 5.525.300. Multiple reaction matures may 
be held ,n wells on the gradient block. In preferred embodiments, the 

20 ~° Ck " inte9rated int ° 3 th6rm0CyC,6r f ° r » 

US 4.981.801 describes an apparatus for carrying out enzymatic 
«*, reactions including a turntable, a number of reaction vessels arranged 
the turntable around the periphery and means to circulate antifreeze liquid 

25 Z T* nbnk ' H -ters and refrigerators are proved in order to 
25 obtain vanations in temperature. 

* aPPa,BtUS t0 det6Ct 3nd enumerate • Palate analyte in a liquid 
samp, e compnsrng a filter element in a holder and means to heat and col. 
*e temperature of the filter element, is disclosed in WO 94/21780 of R G L 
Wheatcroft and W.B. Bemdt. 
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A method for detection and discrimination of multip.e analytes using 
fluorescent technology is disclosed in US 5.723.294. 
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Additional apparatus and methods for conducting thermocycling 

ITT: eSPedal,y P0 ' ymeraSe Ch3in reaCti ° nS ' h 3 ra * d «ed and 
controlled manner would be beneficial. 

Accordingly, one aspect of the present invention provides rotary 

thermocycling apparatus, especially for biochemical reactions, comprising- 

(a) a P'^alityofstation S andespeciallyatleastfourstationsfor 
rece,v,ng samples in a flat-bottomed container, each station having a flat 
heated plate on which said container is placed and having means to 
-ndependenfly control said heated plate at a pre-determined temperature- 
- (b) means to move each said flat-bottomed container from one 

stahon to another station in a pro-determined sequence; 

iowe ^ ' eaSt *"° ° f Stali ° nS haVi " 9 3 heati "9 unit ^apted to be 

lowered over a container located on said station; and 

W) at least one station having a spray unit adapted to spray liquid 
15 reagent(s) into a container located at said one station. 

In a preferred embodiment of the invention, said station of (d) is 
adapted for removal of a cover nlato ft™, o„vj 

th MVer Plate from sa,d container prior to activation of 

the spray, and for replacement of the cover plate after said spray has 
terminated. ' 

20 ,na " othere -^iment.thecontainerisaflat-bottomedcontainerofa 
dimension less than that of the station. 

In a further embodiment, the heating is comprised of a section with a 
ower surface that is adapted to be lowered into said container Cose to but 

con. .I" ' fUrtheremb0diment ' *■ a PP-atus has a programmer for 
at east (i, the temperature at each stahon, (ii, the dwell time in 
each station, („., the duration and timing of the sproy, M the number of 
sequential cycles for the biochemical reaction. 
30 '" an ^ ere ^odiment t thecontaineri 8 ada P tedtoreceiveafirter 
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in yet another embodiment, the apparatus is programmable and 
automated. 

In a further embodiment, the apparatus is adapted to process more 
than one sample at a time, up to one for each station in the apparatus 

In another embodiment, the heating units are on pistons that are 
lowered into the containers. 

Another aspect of the present invention provides a method for a 
sequential reaction, especially a sequential biochemical reaction, at different 
temperatures, comprising: 

(a) placing a sample in a flat-bottomed container; 

(b) sequentially cycling said sample through predetermined 
changes in temperature by placing said flat-bottomed container on flat heated 
Plate at each said temperature for a predetermined period of time; 

(c) optionally spraying said sample with at least one liquid reagent- 

(d) controlling at least (i) the temperature at each station, (ii) the ' 
y time in each station, (Hi, the duration and timing of the spray( s ), and (iv) 
the number of sequential cycles for the reaction. 

In a preferred embodiment of the method of the invention a 
b l0 chemica. sample is located on a filter, membrane, microtilre container or 
m.croscope slide in said container, especially a filter. 

In another embodiment, the method is programmable and automated 

orior, T Sti,, ! Urtheremb0diment - * he -mple is subjected to a pretreatment 
pnor to the method for the sequential reaction. 

in a further embodiment, a spacer is placed on the filter and a cover 

plate is placed on the spacer. 

In a further embodiment, the reaction is a potymerese chain reaction 
In another embodiment, the reaction is for detection of specific DNA 

sequences. 

In a further embodiment, the sample is subsequently subjected to a 
Photochemica. detection process, especiaHy fluorescence, to detect product 
of the reaction, and in particular to electronic recording thereof e.g. using a 
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video camera. 

A further aspect of the present invention provides rotary thermocyciing 
apparatus especially for biochemical reactions, comprising: 

(a) a plurality of stations for heating samples in a flat-bottomed 
container at predetermined temperatures; 

(b) means to move each said flat-bottomed container from one 
station to another station in a pre-determined sequence; and 

(c) at least one station having a spray unit adapted to spray liquid 
reagentfs) into a container located at said one station. 

Another aspect of the present invention provides a method for a 
sequential biochemical reaction at different temperatures, comprising p,acing 
a biochemical samp.e on a filter and sequentially cycling said biochemical 
sample through predetermined changes in temperature by heating said filter 
on a sequence of flat heated plates for a predetermined period of time 

A further aspect of the invention provides a method for a sequential 
biochemical reaction at different temperatures, comprising p.acing a 
biochemical sample on a filter and sequential^ cycling said biochemical 
sample through predetermined changes in temperature, at least one step in 
the sequence involving spraying the sample with liquid reagent(s) 

The present invention is illustrated by the embodiments shown in the 
drawings, in which: 

Fig. 1 is a schematic representation of a rotary thermocyciing 
apparatus of the invention, in plan view; 

Fig. 2 is a schematic representation of the rotary thermocyciing 
apparatus of Fig. 1 , as seen through A-A; 

Fig. 3 is a schematic representation of a front view of the rotary 
thermocyciing apparatus of Fig. 1 ; 

Fig. 4 is a schematic representation of a cross-section of a spray unit; 

Fig. 5 is a schematic representation of a crass-section of a sample on 
a filter within a container. 
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The present invention is described herein with reference to a rotary 
thermocycling apparatus having four stations, each at a pre-determined 
temperature. This is the preferred number of stations, but is understood that 
the rotary thermocycling apparatus could have more or fewer than four 
5 stafons at pre-determined temperatures, depending on the particular use 
■ntended forthe apparatus. It is understood that, if there were more than four 
stations, more than one station could have a spray unit. 

For convenience, the container used in the apparatus will be generally 
referred to as a dish. However, other examples of containers are disclosed 
10 herein. 

Fig. 1 shows a rotary thermocycling apparatus, generally indicated by 
1 • Rotary thermocycling apparatus 1 has floor 2 on which is located rotating 
table 3. Rotating table 3 has four stations viz. first station 4, second station 5 
thrrd station 6 and fourth station 7. Rotary table 3 rotates about shaft 14 so ' 
that a sample is moved in sequence from one station to the next It is 
understood that the sample would be suitably .ocated in a dish or other carrier 
receptacle, which would contact with the heated plate at each station 

Each location of the stations has a heated plate with each heated plate 
havmg means to independently control the temperature thereof at a pre- 
determined temperature. The four stations are located symmetrically around 
rotating table 3 i.e. at 90° intervals. The heated plates are located at fixed 
ocations in floor 2. First station 4 has heated plate 10, second station 5 has 
heated plate 11. third station 6 has heated plate 18 and fourth station 7 has 
heated plate 19. The heated plates do not rotate with rotary table 3 but 
rather rotary table 3 rotates so that each station is located over a heated plate 
when rotary table 3 is in each position of the sequence. Rotary table 3 does 
not rotate continuously, but moves in steps with a dwell time at each step 
Frrst station 4 is an open station i.e. it is open for the placement of 
sample on the station, and does not have any spray or heating unit 
associated with it. as occurs for the other three stations, as discussed herein 
Second station 5 has spray unit 8 located above the station. Spray 
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unit 8 is described in greater detail with respect to the subsequent drawings 
L.d lifter 9 is located adjacent to second station 5. Lid lifter 9 has lid lifter 
shaft 1 7 which pivots about lid lifter pivot 12. The end of the lid lifter shaft 1 7 
opposed to lid lifter pivot 12 has lid lifter suction cup 13 located thereon Lid 
5 lifter 9 is adapted to rotate about lid lifter pivot 12 so that lid lifter suction cup 
13 .s located above second station 5. In addition, lid lifter 9 is adapted to 
move downwards towards second station 5. The operation of the lid lifter is 
discussed below. 

Each of third station 6 and fourth station 7 has a heating unit 
associated therewith and which is lowered onto samples at these stations as 
d.scussed herein. The heating units are not shown in Fig. 1 (see Figs. 2 and 
3), but are attached to supports 28 and 29, respectively. 

Each of the four stations has a heated plate located at the position of 
the station, as discussed above, that may be controlled at a predetermined 
temperature. The heated plate is most preferably heated using electrical 
heatrng. While the temperature of each of the stations may be varied over a 
w-de range, and controlled at such temperature, a typical arrangement of 
temperature of the heated plates at the four stations is first station 50'C 

second station 50-C, third station 72-C and fourth station 96'C. Such ' 
temperatures are typical of temperatures for use with polymerase chain 
reactrons, but the temperatures may be varied. The apparatus of the present 
.nventron preferably has suitable automated control systems, as discussed 
below. 

Fig. 2 relates to the apparatus of Fig. 1 , as seen through A-A Fig 2 
shows rotary thermocycling apparatus 1 located within housing 20. Housing 
20 has housing window 21 along the front side of the apparatus, for viewing 
of the thermocycling apparatus in use. Housing 20 has floor 2 located away 
from the base of housing 20, primarily for the purpose of convenience and for 
locahon of motors and other operating parts of the thermocycling apparatus 
beneath floor 2. Shaft 14 extends upwards through floor 2 at a substantially 
central location, and is connected to drive motor 22 to effect rotation of shaft 
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14. Rotating table 3 Is rotated by means of shaft 14. Shaft 14 could be 
adapted to provide support, with suitable bearings, for each of the heating 
units of the third and fourth stations, and for spray unit 8. However, the 
heating units would normally be attached to supports 15 and 16. 
5 Second station 5 and third station 6 are shown as being located in 

rotating table 3. Spray unit 8 is located above second station 5 and first 
heating unit 31 is located above third station 6. Second station 5 has heated 
plate 1 1 , which is located in floor 2 and is not part of rotary table 3. Similarly, 
third station 6 has heated plate 18, also in floor 2 and not part of rotary table 
10 3. 

First heating unit 31 is shown in a partially lowered position, as 
represented by support 15 being in position 15A. First heating unit 31 has 
heating section 23 located on the underside thereof. It will be noted that 
heating section 23 is of a shape so that central region 24 of heating section 
15 23 will enter into third station 6 while the upper portion of heating section 23 
extends beyond the circumference of third station 6. It is intended that 
heating section 23 would lower to a position such that central region 24 of 
heating section 23 would enter into third station 6. The purpose of central 
region 24 entering into third station 6 will be discussed below. 
20 Second heating unit 32 is located above fourth station 7 in the same 

manner as first heating unit 31 is located above third station 6. 

Spray unit 8 is located above second station 5. Spray unit 8 has lid 
lifter 9 associated therewith. Lid lifter 9 has lid lifter suction cop 13 
connected, through lid lifter shaft 17, to lid lifter pivot 12. Lid lifter 9 is 
25 intended to rotate about pivot 12 so that suction cup 13 becomes located 
above second station 5. In addition, lid lifter 9 is then adapted to cause 
suction cup 13 to descend into second station 5 for the purpose of lifting a 
cover, 25 (see 64 in Fig. 5), from a sample dish located within second station 
5, as discussed below. Fig. 2 shows cover 25 located on suction cup 13, but 
30 in a position disposed away from second station 5, to permit a spray from 
spray unit 8 to be sprayed onto a sample in second station 5. 
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Spray unit 8 may be of a variety of designs, but is shown in the form of 
a spray container 26 having a spray nozzle 27. In this embodiment, it is 
intended that spray container 26 would be an aerosol container or a pump 
action sprayer, or other type of spraying containing the required liquid 
5 reagent(s) to be sprayed onto the sample. A preferred embodiment of spray 
unit 8 is shown in Fig. 4. 

Fig. 3 shows a front view of rotary thermocycling apparatus 1 . This 
view shows first station 4 and second station 5, with first heating unit 31 of 
third station 6 located behind second station 5. and second heating unit 32 of 
fourth station 7 located behind first station 4. Heating section 23 is 
associated with first heating station 31 and heating section 30 is associated 
with second heating station 32. Spray unit 8 is shown as located above 
second station 5. Lid lifter 9 is located beside second station 5. 

Fig. 4 shows a cross section of one embodiment of a spray unit The 
spray unit shown in Fig. 4 has a spray canister 40 that is connected to a spray 
head 41 , part of which is spray nozzle 42. Spray canister 40 is located 
between pistons 43 and 44 and held in place by spray holder 45, which is 
connected to pistons 43 and 44. Pistons 43 and 44 are mounted on spray 
mount 46. Piston rod 47 extends from spray holder 45 and terminates in 
p.ston plate 48. It will be noted that spray nozzle 42 abuts piston plate 48 
Spray 49 extends from spray nozzle 42 to contact sample 50. It will be 
appreciated that a variety of spray units could be used, examples of which are 
illustrated in Fig. 1 and 2 and in Fig. 4. 

Fig. 5 shows a cross section of a sample in a dish. The dish, 60 
contains salt pad 61 , which is optional, as discussed herein. Filter 62 lies on 
salt pad 61 and is held in place and separated from cover 64 by spacer 63 
Spacer 63 is conveniently in the form of an O-ring. It is to be noted that cover 
64 could be in a variety of forms, including a cover insertable into a dish or 
onto a dish. 

In use, a sample is placed on a suitable carrier for use in the 
apparatus. The carrier is most preferably a filter, with the sample being placed 
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onthefi«er bys tanda,, fi ,tra«ontechnK 1U es. For instance, if the particular 
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the second station and lid lifter suction cap 13 is moved downwards to contact 
the cover plate on the sample. The suction cup 13 is then retracted and 
moved out of position, taking with it the cover, and thereby exposing the 
sample on the filter. Piston rod 47 of the spray unit (see Fig. 4) then retracts 

5 '"to piston 43. whereby piston plate 48 pushes on spray nozzle 42 This 
causes the spray to activate and liquid reagentfs) to be sprayed downwards 
onto the filter. The duration of the sp ray may be any convenient length of 
t.me, typically 0-5 -2 seconds, after which the procedure is reversed and the 
cover is replaced on the filter. At the appropriate cycle time, rotary table 3 
10 rotates so that the sample becomes positioned at the third station At this 
station, heating unit 31 descends onto the sample and into contact with the 
cover. The sample at this time is heated from below by the heated p.ate to a 
pre-determined temperature, for example 72'C, and simultaneously heated 
from above by the heating unit to the same temperature. At the end of the 
cycle time, rotary tab.e 3 rotates to position the sample at the fourth station at 
which ,t ,s heated from below by the heating plate at this station to a pre- 
determined temperature, for example 96«C, and from above by heating unit 
32 to the same temperature. It is understood that the temperatures would be 
optimized for the particular reaction. 

The sample is then rotated back to the first station, and is cooled to 
50'C, the predetermined temperature at that station. It is preferred that as 
the rotary table 3 rotates the sample from the fourth station to the first station 
that the rotary table also effect a turning of the sample e.g. by 25-50° This ' 
may conveniently be obtained by means of a ratchet mechanism on the side 
of the rotary table 3 (not shown). The turning of the sample to change the 
onentation of the sample in rotary table 3 randomises any inconsistencies in 
-n particular, the spray unit, as well as heating of the sample so that, after a ' 
number of cycles, all parts of the sample on the filter are treated to essentially 
the same conditions. 

30 Accelerated cooling of the sample between the fourth station, which is 

at a temperature of for example 96-C. and the first station at a temperature of 
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for example 50°C may be desirable. Such accelerated cooling could involve 
use of refrigeration, air jets and/or fans between the fourth and first stations 
A preferred method of cooling is use of a vortex tube, or a ranque vortex tube 
to d,rect a stream of cooling air onto the sample. One example of a vortex 
5 tube is an EXAIR™ vortex from EXA.R Corporation of Cincinatti, Ohio, which 
is constructed of stainless steel. 

The filter needs to be made from an inert material i.e. a material that is 
stable under the conditions of use, especially temperature, which does not 
affect the sample on the filter. A preferred filter is formed from nylon, with a 
10 pore size of 0.2 mm. If the dish that is used has a diameter of 92 mm, then 
the filter is conveniently of a diameter of 90 mm. The sample of bacteria, or 
other target, becomes trapped between the fibers of the filter (membrane). 

Extraneous extracellular DNA would normally be removed from cells by 
incubation of the sample with a nuclease solution applied in a fine spray. The 
1 5 nuclease would then be inactivated and denatured by heat. 

Bacterial cells would normally be lysed by a treatment suitable for the 
expected species. This could include one or more of the following: 
temperature shock, enzymic digestion and application of a detergent 
Removal of extracellular DNA and lysing of bacterial cells would normally take 
place prior to placing the sample in the rotary thermocycler apparatus. 

It is preferred that the dish contain a pad of salt, particularly an 89 mm 
diameter glass-fibre filter disc that contains the solutes required for the PCR 
process. The spacer is conveniently a silicone rubber O-ring, having an 
external diameter of 92 mm. The cover is preferably an 89 mm Teflon™ 
25 fluoropolymer cover, in the form of a flat disc. 

Reference is made herein to the use of covers on the samples, which 
are removed prior to spraying with reagent and then replaced. A wide variety 
of covers could be used, including discs as described herein and lids that fit 
over the sample container (dish). Preferred covers fit closely to but are 
30 spaced from samples e.g. by use of O-rings. but also permit heating units to 
be lowered into contact therewith for purposes of repid and easy temperature 
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adjustment and temperature control of the sample. All types of covers are 
generally referred to herein as cover plates but are to be understood to 
include discs and other types of covers. 

In preferred embodiments of the invention, the spray unit is a small 
aerosol container or pump spray unit containing the liquid reagent(s) for the 
reaction. A small aerosol container of reagent(s) is convenient, as it enables 
the container to be readily replaced with another container of the same or 
different reagentfs). However, other types of spray units may be used with 
the apparatus of the invention. 

Although the present invention is particularly described herein with 
reference to use of one spray unit, more than one spray unit could be used at 
the same or different stations. For instance, a programmed sequence of at 
least two different sprays could be used. It is also understood that in some 
circumstances, the spray(s) could be used in other than each cycle of the 
apparatus. More than one liquid reagent may be used, either as a 
combination of reagents in one spray unit, or as reagents in separate spray 
unrts that are sprayed simultaneously, in sequence in the same cycle in 
different cycles or in some other manner. 

The apparatus has been particularly described herein with respect to 
manual insertion and removal of the flat-bottom containers onto and from the 
first station. However, it is understood that flat-bottom containers could be 
automatically inserted onto and removed from the first station, to permit more 
efficient use of the apparatus and the ability of the apparatus to operate 
essentially unattended by an operator, including overnight, or for other 
25 reasons. 

The apparatus has been described herein with a shaft 14, which could 
be used for support of heating units, spray units or the like. However in a 
preferred embodiment (not shown), shaft 14 is omitted and other means are 
prov,ded to support heating, spray and other units. Omission of shaft 14 
30 permits rotaflng table 3 to be a removable table, to permit cleaning of the 
table and beneath the table and to permit replacement of the table with 
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another »ab.e e.g. with stations of different sizes or shapes e.g. square or oval 
shapes, or to expedite adaption of the apparatus to a deferent number of 
stations. 

A « eruseofthe ^arythermocycierapparatusJti sn ecessarytota k e 
5 sepstodetectthereaaBonp^uctsonthefifter. In one exampie of such 

r S yB o x franded r reaction products ° n the fi,ter may be 

wrth SYBR DX reagent from Molecular Probes. Inc. of Eugene. Oregon 
USA. oranother stain, specific for the double-stranded DNA. The stained 
dot. of double-stranded DNA fluoresce as dots on a dad, background under 

camera and quantitatively analyzed using computer software to give a cell 
count for the targeted bacteria in the original sample 

Single-stranded DNA reaction products are tested for hybridization with 
a s.ng.e-stranded DNA sequence probe specific to the expected product 
Such probes may be readily detected using radio active labels, or labels that 
-nduce photochemical reactions e.g. chemiiuminescence, or by other 
methods. This test would allow for authenticity of the PGR product to be 
checked simultaneously with quantitative analysis. 

,twillb «^rstoodthatawidevarietyofst e pscouldbetakento 
detect, .dentify and quantify reaction products on the filter or other medium 

US6Q, 

The original sample of bacterial cell suspension or other material 
rece.ved for testing win frequently be diluted prior to filtering the sample 
Thus the count obtained at the end of a test e.g. using fluorescence, wii, 
need to be adjusted to reflect any dilution. 

In some circumstances, it may be desirable to conduct one or more 
preflminary steps in preparation of a sampie prior to conducting PGR or other 
tests ,n the apparatus of the invention. Forinstance. asampleoffor 
example bacteria, cells on a fi.ter could be placed on growth m dium agar 
and -ncubated. The ce„s wou,d multiply, and the resultant micro co,onies 
would be more readily detected using PGR in the apparatus described herein 
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A mixed population of cells may be tested. In a mixed population, it is 
possible to detect one or more specific cell types containing the target DNA 
so that the presence or absence of such cell types may be detected, while not 
detecting other cell types that do not contain the target DNA. 

PCR specificity depends primarily on the choice of primers used to 
prime the target DNA synthesis and the stringency of the reaction conditions 
e.g. temperature of DNA annealing, concentration of reagents and other 
factors. This could enable the detection of a carrier of a particular gene or 
solely those members of a taxonomic group that act as a earner of a DNA 
sequence diagnostic for that group. 

In use of the apparatus of the invention using a spray, DNA 
polymerase enzyme is sprayed on the sample during each cycle, or as 
otherwise programmed in the sequence of steps in the apparatus. 
Consequently, it may not be necessary to use a heat-stable enzyme that must 
be sufficiently stable to denaturation temperatures to be active during the 
entire PCR process. Even if the enzyme were to be fully or partially 
destroyed at the denaturation temperatures being used, it would be replaced 
in the next spray step. Thus, it might be beneficial to use a cheaper less 
heat-stable enzyme, and possibly more of such an enzyme, rather than a 
more expensive enzyme that would be stable at the denaturation 
temperatures used in each cycle. As an example, it might be possible to use 
Klenow enzyme in place of Taq DNA polymerase in a PCR process, with 
appropriate adjustment of the optimal temperature of use. and obtain 
acceptable results. 

While the present invention has been particularly described herein with 
reference to PCR. other reactions could be carried out e.g. involving bacteria 
DNA fragments in gel profile blots, viruses or the like, provided the samples 
could be obtained in a suitable form and appropriate occupational health 
precautions taken if necessary. 

The heating units of stations five and six have an important effect on 
the rate at which the sample reaches the required temperature, by reducing 
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the depth of space that has to be heated. Thus, the volume to be heated 
extends from the cover to the base of the dish, which is simultaneously being 
heated from below. In the present invention, that volume is small 

An important aspect of the present invention is that the rate of cycling 
5 may be increased, because each station remains at its pre-selected 

temperature, and it is not necessary to change the temperature of a meta, 
block frequently during each cycle. 

The apparatus and method of the present invention may be used in a 
w,de range of tests. Examples of such tests include detection of the 
presence of E. coli, Listeria and Salmonella, and other bacteria, using 
reagents known for use in detection of such bacteria. The apparatus and 
methods of the invention may also be used in other types of tests that require 
oychng of temperatures and spray of reagents. For instance, the apparatus 
and methods could be usable with some metallic catalyst reactions e g 
Platmum catalysed reactions using hydrogen peroxide, other reactions that 
use thermocycling. formation of layered polymer structures in which thin 
layers e.g. of a thermosetting polymer, are polymerized in each cycle, and in 
detection techniques that require thermocycling. 
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CLAIMS: 



10 



15 



1 . A rotary thermocycling apparatus, especially for biochemical 
reactions, comprising: 

(a) a plurality of stations and especially at least four stations 
for receiving samples in a flat-bottomed container, each station having a flat 
heated plate on which said container is placed and having means to 
mdependently control said heated plate at a pre-determined temperature; 

(b) means to move each said flat-bottomed container from 
one station to another station in a pre-determined sequence; 

(c) at least two of said stations having a heating unit adapted 
to be lowered over a container located on said station; and 

(d) at least one station having a spray unit adapted to spray 
a liquid reagent(s) into a container located at said one station. 

2. The apparatus of Claim 1 in which said station of (d) is adapted 
for removal of a cover plate from said container prior to activation of the 
spray, and for replacement of the cover plate after said spray has terminated. 

20 3. The apparatus of Claim 1 or Claim 2 in which the container is a 

flat-bottomed container of a dimension less than that of the station. 

4- The apparatus of any one of Claims 1-3 in which the heating 
unrt is comprised of a section with a flat lower surface that is adapted to be 
lowered into said container close to but not in contact with the sample in said 
container. 

5. The apparatus of Claim 4 in which said lower surface of the 
heabng unit is lowered into contact with a cover plate therein. 
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6. The apparatus of any one of Claims 1-5 in which the 
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has a programmer for controlling at least (i) the temperature at each station 
(..) the dwell time in each station, (iii, the duration and timing of the spray(s)' 
and (iv) the number of sequential cycles for the biochemical reaction. 

7. The apparatus of any one of Claims 1-6 in which the container 
■s adapted to receive a filter having the sample thereon, and to receive a 
cover plate over said filter. 

8. The apparatus of any one of Claims 1-7 in which the apparatus 
10 is programmable and automated. 



9. The apparatus of any one of Claims 1-8 in which the apparatus 
-s adapted to process more than one sample at a time, up to one for each 
station in the apparatus. 



15 



20 



25 



JO 



10. The apparatus of any one of Claims 1-9 in which there is an 
automatic loader for placing containers into the apparatus and for removing 
containers therefrom. 

11. The apparatus of any one of Claims 1 -1 0 in which the heating 
units are on pistons that are lowered into the containers. 

12. The apparatus of any one of Claims 1-1 1 in which the station 
wrth the spray unit is followed in sequence by the two stations having heating 
units. 

13. A method for a sequential reaction especially a sequential 
b»ochemical reaction at different temperatures, comprising: 

(a) placing a sample in a flat-bottomed container; 

(b) sequentially cycling said sample through predetermined 
changes in temperature by placing said flat-bottomed container on flat heated 
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Plates at each said temperature for a predetermined period of time; 

(c) optionally spraying said sample with at least one liquid 

reagent; 

(d) controlling at least (i) the temperature at each station (ii) 
5 the dwell time in each station, (iii) the duration and timing of the spray( S ) and 

(.v) the number of sequential cycles for the biochemical reaction. 

14. The method of Claim 13 in which the biochemical sample is 
located on a filter, a membrane, a microtitre container or microscope slide in 

10 said container. 

15. The method of Claim 13orClaim 14 in which the method is 
programmable and automated. 
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16. The method of any one of Claims 13-15 in which the sample is 
subjected to a pre-treatment prior to the method for the sequential reaction. 

17. The method of any one of Claims 1 3-1 6 in which a spacer is 
Placed on the filter and a cover plate is placed on the spacer. 

18. The method of any one of Claims 13-17 in which the reaction is 
a polymerase chain reaction. 



19. ThemethodofanyoneofClaims13-17inwhichthereactionis 
& for detection of specific DNA sequences. 

20. The method of any one of Claims 13-17 in which the reaction is 
for detection of bacteria. 

30 21. ThemethodofanyoneofClaims13-17inwhichthereactionis 

for enumeration of a distinct type of bacterium or species. 
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22. The method of any one of Claims 13-21 in which the sample is 
subsequently subjected to a photochemical detection process to detect 
product of the reaction. 



23. The method of Claim 22 in which the photochemical detection 
process comprises fluorescence. 

24. The method of Claim 22 or Claim 23 in which there is electronic 
recording thereof. 

25. The method of Claim 24 in which the electronic recording 
comprises using a video camera. 

26. A rotary thermocycling apparatus especially for biochemical 
reactions, comprising: 

(a) a plurality of stations for heating biochemical samples in 
a flat-bottomed container at predetermined temperatures; 

(b) means to move each said flat-bottomed container from 
one station to another station in a predetermined sequence; and 

(c) at least one station having a spray unit adapted to spray 
liquid reagent(s) into a container located at said one station. 

27. A method for a sequential biochemical reaction at different 
temperatures, comprising placing a biochemical sample in a container and 
sequentially cycling said biochemical sample thraugh predetermined changes 
.n temperature by heating said container on a sequence of flat heated plates 
for a predetermined period of time. 

28. A method for a sequential biochemical reaction at different 
temperatures, comprising placing a biochemical sample on a filter or 
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membrane and sequentially cycling said biochemical sample through 
predetermined changes in temperature, at least one step in the sequence 
involving spraying the sample with at least one liquid reagent. 

29. The method of Claim 28 in which the sample is on a filter having 
an underpad of absorbed salts. 
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